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Description [Oracarac M3o6peTeaxH]: 

H3o6pcreBHc otbocbtch k pCMDHTHD^po n HD y oHHhtti pafioTB* (PMP). a HwesHo b cxmcotiaM i 
P fpMfT HMBoewi oaxanaBBBFQ npocTpaBCTBa. 

ISS!LT^J!!^ meHra rqafriTOBocTH 3a*anoHaoro npocTpajjcTaa nyreu cra^aimH 
m Obriw ricrtt AaancHUH aayrpa oocafl B B B kqjiohhw do oroomtHwo k sagan oHHOM y npocrpaaorey 
(HareeraHHe atajpiocTH btdi BspwaaHHen aapjma). npowcxBWHT HaAysaHHC o6caflHoa aonaHHW b 
raxxBSSRaup* sasopa ues^y kojiohhoh b ufiuomoju aauBeu U|. 

H^oct*txh aaanc ra aavnyqaimx a xou, wo, ao-nepawx, ooc^aHze B36unmBoro A aBnemm nyrew 
°^ craapi ^ a « K0CTa BbQWBacT paapymcBHC kqjiohhu hc tqjimo b HH-repaane, a ao-ropou b BojibqcaoM 
nparrpaacTBC hucctch hoobt. bo h b mrrcpBanax. r«e ntworra wrr. 9ro onacso ;yiH qcTnxrrBocra 

OOC affBOft BQ JIOHHM. BO-BTOpUX. B3p M BBBHC 3ap^a np«B)CC WartOTOHTDOnHpycittlft. UTO MOBUT npHBCCTH K 

Bapy mrHBD gonoHHbi b ajp uarmur o aanHsi. 

Haaftwcc torngM a PQ^eTeamo no Tex BOT B OM ft cynggxri-H hbjihctch cqooo6 ycipaanore aaHonmHboc 
u^^oa nyrex yaejia«teMaH flaaMerpa kqtiohhm 3a npeAcra* ynpyrnx ff*^^^ r BTnt^,. , 
PJ. yBCKDREHBC jnmuerpa KOJiQBHbc npoaaaop^rr ayreu ri9Q>aBnxPiecaKoro 




JfanocrafTOK pkctwd ccdoodb sasnmam a ftvninoft TpyHoewaocra pa6ox 3a onrr Kcofixc^aMocrii 
npmcHCHHH napKCTBotpo ofiopy^oBaHBH, aoropoe. aaa npaaHTio. He ox/nnacTCH awcaaoa Kaflcamocrfa». 

3afla^a saajnonaercR a noawmcHHH ^exTHBOocro pew<^ 1 o-H3on«i X »oHHwx pa6or b b chhschhe 
Tpy^o3aTpaT. 

nocraBncKHaH saaana ^ocrHracrca re*, uto b cnocofe BoocTaHowicHHH rcpiiriOTBocTB 3aaojioHBoro 
np ocTpaac Taa nyrcM yacraraamH flHaurrpa aanoHHbi a BHrcpaanc Bxnmjfm flHaMcxp aanoHHbi 
yBemramawT 3a cverr yaemwHRRirm y ftrw a oomus npa TscpfleKHH BesspuaqaToft paspyxnann^fi cueca 
(HPQ 01. aoropya> 3aaatmaaiOT a KCJiosny h co^mot moct a BHrepaane H3an*nBH. npa yrow a aatjecTBe 
HPC amoTibsyioT cucct> aoadcTKOByio atih ropHboe h 6ypoaboc pa6oT (CMTB). 

YcncmHocTb i>ttioamo-ii3onHi9ioaHbtx pafiox no acnpaancHHio bcx^cpmcthmboctb upmchthoto aom^a hc 
npeatnnaeT BO%. 3to ofe^cxrarctt tcm, *ito npHuesHeMbie BoajiHUHOHHbie uaTepaanki (a ochobhqm 
xjp%ixBTBhiA pacTBop h pacTBopu cuxm) o&ianaarr otinasM axRocrraTKOM - ycaaainiocTfaio. 

•BBCHHbl PepMCTWIHOCTb 3aKQJIOHHOrt> nPOCTp aBCTBtt CHMXQCTCH. 3T0 

HarpysoK aa o6ca£Byx> aanoHay h upuearmtA *awww HanpHUcp, 
™ AaBJieHHH a cgaaaacae npoxraocTb cqpruieHHH aeueHTaoix> kouhh c 
t ywcHMiaeTca. Boe bsdoj nep^opanvB t«mc npnaa^HT k yxyjnnesino ooctqrbhh njeueaTBoro 
Kom^a. B to me apcMH. 3aittqcH0, w H«rocpe»cTocHHo a HHTcpaanax ncp^opamai cqamcHHc /kohtoxt/ 
OPWCBTHoro rbmhh c KCUtOHBoft y7xynmaercH. nocncHHHM ^aar o^b^cHHKrr yBcm^HHcw cbjiw npraarHH 
aonoBHbi a n^eary a pcaymyrare ce A e^opMaiDiH. noc/ic onpeoooaaH o6caAHoa kohohhw Taame, aaa 
npaanno. Ha6jnoflacrca KapymcHHr cc KGHxaaxa c qo^sroM. npa yro^ HaH<5onbnnE HapymcanH aoHraaTa 
otmc^cbm b BHTcpaanax nnacroB c abiooaoa npoHHHacwocTb» h aaaepHaM. B njiacrax c ooflBctncaHOB 
aofloa HapymcHHH KOHTaara noc/ic onpcocoaaH ^an^c acero orvcc^aioTCH a ooae boaohc^thhoto aoHTaaTa 
/BHK/flj. 

Oqenau paciieTawH nponycKHyx> cnooooaocTb flra ho^oxhbcbbos bo«m aonb^eaora MBspoaasopa ucawy 
ofeaAao* aonoHBoa h njeMCHTHfao. umbol <&opMyjiy flapca-Bcftc6axa wohho aanBcaTb c«w»hihm oopaaoif 
|4j. 

Z z / 1 "75 c - D-aayipcHHMa pjaouerp DjeueaTBoro Ronkoa, m; d-BHemaHfl 

Q = <D -d > / ; <!> 

7 1,087*10" *M 

flMaMcrp opcaffHoR kojichhw. u, p-ncpamafl AaancsHH. na; \ ^Kos^sufssar rsvpannmeaaac 
oonpcriMa/ieHBB: H-flmraa Mioipoaasopa. u; Q-pacxqn bo«m. i^/cyx Bbcacm o6o3HawaBJi D-d- 5 ; P/H - 
grad P. r«e 5 - 3a3op ucja^y aonoHHOtt h acweHTHWM aaMHeM, m; grad P -rpajnttHT ^aajieHKH. XIsl/u. 

Tox^a ♦opMyna /I/ (S^er a^: g , ^ onp^cneeaH 

q = 45<a^6> / . <r> 

T 2«1,087*10~ 

BO^HnBCHTa rM^aBmniecKHx conporHancHHfl bco6xoakmo atniBcnHTb aparepBA PefiHomflca 
■ ^ ^^^,.a" 6 ^ r«c v - KJiKCMaTireccKaH BH3aocrrt> ooflbi / npa 70°C. v - 0.5» 10" 6 ^/c). 

= t<d»6> iy 
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npH TypoynmrHOM pcwmwc E r *** t ^^* |T v j WT> canpc r ■ h bjichhh onpc^cnjacrr 



*°P¥yne:^ 4^C ' 3^^001 HBcnosbaai aaawania: » - • 10" V/q d - 0468 w; 5 ■ 0,1 um 
- 10 4 u: grad P - 4* 10 6 Fla/M. 



CacrcMa ypaaaefrafi /2-4/ panaercH MCTqnaM npH6opa. 

Tokhm o6paooM, »«pc3 3*oop 0,1 u upH rp^ECHTC flaancHHH 4 MTIa/u s HHTcpsajiy nep$opaxXHn uokct 
nocrynaTb oxcono 22 m 3 aqq^i b cyran. 

nofihancHHc flaancHHH o o6caAHofl KonoHHc npBBOflg T k yBerareonao cc ABaMerpa. Paoara noxasbiBajor Ha 
csonuco HyTKBo DOBbKHTb ^aancBHe b gonoaHe. <rro6w ee """"»»fl pa^Hyc yDenRwioz Ha 0,1 um a«h 
ncpotpbiTHH MHKpoaaoopa. 

GopMyna Ann pa^KanfaBbix nepoctmesBH HapyxHoa ctchkh Tpyfe* id 3aA«ie JIhmc hucct bhr /5/ 
F r *_ F * . _ |t -K09^HqwcaT nyaocoea. p ■ 0,25; E -la^ym* 

= — • - ~ r ♦ — r *r <B> 

V r i 8 K A 2 V r i 

ynpyrwi* flra cra nn, E - 2J.K> 5 Mria; Pj -BByrpesaee auvkbxk, Mlla; P 2 -eHOUHcc a*btichhc 
Mlla; ri -BByipesHnA pafftyc Tpytfej. »c r 2 -bsmuhhh pa«ayc TpytSu, u, r 3 -d/r. 



nycTb Pj - Pa^P^ htih PrPj-P^. 

rw e Pm^ " H36b*Tomiuc naanesHe s kojiohhc no cpaBHtsxno c mpy xBhO A jjflBntBSKii. 



Tern* $opuyna /6/ 6yAer 



rf.r. <l-|l>r. 

— i— ^2 t7> 



cr*-p E > <l-|»<r*-rS npa »- 10- S« P, -20 Miter,. 0.075 icr,- 0.084m. 

,, tn B fn „ pw^ = 33.7 NOla. 



r •0,075 *0,0t4 



E»O,075* 



*20 



PaojrTfci noxasuBaxrr. *rro ccras moraY oocaAHoa kojiohhoh h qcMCHTHboi KonbqpM cympcrrayrr aasop 
BOiuMJwuA 0.1 mm. to AoerarroHHo o kojiohhc oocyxaTt, flaBJicHHC 33.7 MTIa h sasop oy^rr ncpeapbrr aa ctct 
ywnaqcaan BHenraero Arauerpa sojiohhu. Taxoe RaBncaat h /^axe oonwnee mojkho ooonarb nyreM 
p aaMOg j pg Pi b KOHOHBC Mocra as Besspfao^xaTafl paapymaxnnjcfi cmcch /HPC/ ■ b tocthocth cmccb 

B3BCCT*OBOa ^Jlfl POpHbOC M fopOBfctt pofioT /CMTB/ (6). 



HPC npg MEH?ooT, masBUM oGpasou npn paopymcHHH nponuoA Ay y uam MarepnanoB (csa/nflue nopo^w), 
6eroHHwx M xeixesooeTaBBfaoc B^cnafl, kqmtbhhx Kna^os, ahh Aofopn njmpoflBoro keuhh. 

HPC HamC BDBTO DpC^CTaHJXHKXT OOOOft nopOZHKOo6pa3HbCC acrapmBt U Mwnp Mpwmmw MSKTCpHaJIfal, 

AaKwna c boaoh iqcno«iHy» peaxxoao (pH-12). npH CMcaiBBaHHB nopomsa HPC c BOAofi o6pa3ytTCH 
eyexxesnaa (pa6o««aa oca), soropafl. oynyvi aanvran b mnyp. qACJiausbiH b oGmktc nonncKazx^M 
paopymeemo. c tcwkhcm upevram csraandBaeTCR, TsepAecT, oAHOBpacHHO yBon wHBaa cb b o6 fcCMe 
yBenmewK o6bCMa - oicactbhc rt^paraxDox komhohchtob. Bxeypninpc b oocras HPC. npgaqpyr k 
paaBHTHXo b mxxype i^nparraiiBBxmoro A^BjicaHH (6oiicc 40 MllaJ. IIoa AcActbbcm ranpaTai^nwHnro 
A&BACBBR B Ttne o6i3«rra pasBBBsaDTCH mii p mt anw , npHBOAnnxpc k ero paapynzexmxo f7J. 



ripcAnaraeMMft 0x0006 EDOjimnni oaxonoHBOTo npocrpaacTBa ocyxx^pcTBnsnoT cnqyronjm oopasoM 

B cKBajKHHy diycxajoT KOJioHHy HKT c tokhm pacwroM. *rro6bi hhxhhh kohch iraxonnjicH Ha 10-20 u hkxc 
HHTCpBana nep^opaHHH npoAyKTHBHoi^o xxnacra. BoaoyasAaxor xinpsynHixxDO h npoMboaaxoT ciLBasHHy boaoA. 
oxnavACHHofl ao 0-10%. 
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3aTBop*aox HPC ha bprc c TCMneparypofl 0-!0°C. 

Ilpa mphm aA oarpytSeoM npocrpaacTBe b HKT aaiworaaxyr cyxmasrao HPC e oftbeue. hco6xe«hmom ojih 
sazKVZHcaixn oticaAHoA kqtohhw d MHrepeajie 10-20 m. 

npo^aajmBaxrr cycncasHjo HPC flp BbfpaEHHBaHHH ec ypOHHcfl b HKT b aarpytiHOM npocrpaacTBe- 
n A ^. - w l iti iwa M)T HKT ffo nnyfcnai pacnoixoaesaft hhhbhx nq^opaz^xDeHbix OTBcpcmfl h cpn 

BeO&GO^KUOCTH npOCMUBSLlOrr CRBaXHHy , BMUMBaa H36bIT0«XHblfl o6t»CM HPC. 

n<^m«jDT HKT Bbonc mrrepBana rapfcopaisoi. rcpumacapynrr sarpytiRoe npoc-rpaHcroo na bdcmh. 

BCOOXCWHMOC PH pacnmpCHHH H OTBCpM^CHBH HPC. 
OcBaHBajOT CKBSUSHBy. 

npcawynvcTBMf opwiaraeuoro cnocrfa hbtcsotch to, vro nepeKpunxe k&h&jtqb ajih nociynneHH* Bojpj k 
HHTcpaajry mp^opaqn npomnwHT he sa cuct nsHpamnrocKcro BoaRdkrrmR Ha Kono&Hy, a 3a ott 
C0Qfl ^ H ^_ n o6cqffH0fl KQnaHHC MQCTa *° pa cma p m ngrocn MarepHajia. 3to. oo-ncpewx. axHuacr 
BBoCsoflBMocTb ycTaHDBKH nasepa; Bo^BTopboc yumhrnaeT Bpeutzmue 3arpaTw na npoBeflcaac PHP. 
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Claims (Oopuyna KxtfpereHMHj: 

1. Cnooo6 BOOCT8BOB7XCSKH rqaMCTHHHDCTH saxcjTOHHOPo npocrpaacTBa nyTtt* yeenmcsKH flgauc ipa 
KOWOBBbi b BBTcpsane HsonnqpH, orjnrcajoopifta* tcu. mto /pranerp kojioshu yBtmramaxrT 3a c«jct 
yBcnxraBa»iAeflca b oScflkce npa TeepReHUH HCBapbfflwrafi pa3pymawtnefl cuecH (HFC). Koropyra 
3aKaitHBaioT b KOJiOHBy, h cccyjarrr moct b HHrcpeajic toonrnjfsa. 

2. Cnooo6 no n. 1. otjxhtooizikAcr tcm, ixo b utotbc HPC acnamoyxrr cuccb maccnsoByio jyin ropsux a 
6ypoBbDt pafior (CMTB). 
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Drawlngfs) RepTexa|: 



Ta6/iHqa 



XapaicrepMCTMica HPC 



XapawrepMCTMica 



3HaMeHMe 



1. BoflocMeceBoe cxTHouieHMe cycneHSMw 

2. Pacxofl nopouixa, tohh Ha 1 m o&beMa 

3. PacreicaeMocTb no KOHycy A3HHH, cm 

4. nnoTHocrb cycneH3MM, r/CM 3 

5. aarycreBaeiiocrb, npw TeMneparype 20-25 rpaaycoB C, muh 

6. CMenneHMe iqmhji c rpy6o«, Mfla 

7. ConpoTnaneHHe jomha <J)Mm>TpauMfl bow, Mfla 6onee 

B. flaaneuM e iipn pacujnpewiM, Mfla 



0,3-0.5 
1.8 
20,0-25,0 
1.8 
120,0 
5,0 
60,0 
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Description: 

This invention is in the area of insulation repair operations, i.e., it is related to the 
methods of restoration of the air tightness of the casing clearance. 

There is a known method of restoration of the air tightness of the casing clearance, which 
consists of the creation of excess pressure inside the casing string with respect to the 
casing clearance (by means of the injection of liquid or by means of the explosion of a 
blasting charge). This leads to the expansion of the casing string and the elimination of 
the gap between the string and the concrete block [ 1 ]. 

The deficiencies of the analogous method lay in the fact that, firstly, the creation of 
excess pressure by means of the injection of liquid causes damage of the string not only 
in the interval which contains concrete in its ring space but also in intervals where there is 
no concrete. This is dangerous for the integrity of the casing string. Secondly, the 
explosion of the blasting charge is a process, which is hardly controllable, which may 
lead to the damage of the string and the concrete block. 

Closest to the invention with respect to its technical merit is the method of removal of the 
excess casing clearance by means of increasing the diameter of the string beyond the 
elastic deformations in the interval of insulation [2]. The increase in the diameter of the 
string is achieved by means of the hydraulic effect on the string in the interval of 
insulation. 



The deficiency of the known method lays in the great labor input necessary for the use of 
parquet [sic] equipment, which, as a rule, is not highly reliable. 

Our task is to increase the efficiency of insulation repair operations while simultaneously 
reducing labor input. 

This task is achieved by means of the following: in the method of restoration of the air 
tightness of the casing clearance by means of the increase of the string's diameter in the 
insulation interval, the string's diameter is increased by means of the use of non- 
explosive breaking mixture [3], whose volume increases during hardening, where the 
mixture is injected into the string so as to create a bridge in the insulation interval. Here, 
a limestone mixture for mining and drilling operations is used as non-explosive breaking 
mixture. 

The success of the insulation repair work on the restoration of the air tightness of the 
concrete ring does not exceed 50%. This can be explained by the fact that the insulation 
materials used (mainly, concrete solution and resin solutions) have one common 
deficiency — they shrink. 
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During the operation of the drill hole, the air tightness of the casing clearance decreases. 
This happens as a result of the loads on the casing string and the concrete block. For 
example, it has been established that when the pressure in the drill hole is reduced, the 
strength of adherence of the concrete block to the string is reduced. All types of 
perforations also lead to the deterioration of the condition of the concrete ring. At the 
same time, it has been observed that, immediately in the intervals of perforation, the 
adhesion (contact) between the concrete block and the string is improved. The latter fact 
is explained by the increase in the force with which the string is pressed against the 
concrete as a result of the string's deformation. As a rule, disturbance of the string's 
contact with the concrete is also observed after molding of the casing string. Here, the 
greatest disturbances of contact are observed in the intervals of highly permeable layers 
and cavities. In layers with perched water, disturbances of contact following molding are 
observed most frequently in the area of contact between water and oil [ 1 ] . 

Let us evaluate by means of calculations the permeability for bottom water of the ring 
micro gap between the casing string and the concrete rock. The Darcy-Weissbach 
formula can be presented in the following manner [4]: 

[see original for formula] (1), where D is the inner diameter of the concrete ring, m; d is 
the outer diameter of the casing string, m; p is the pressure differential, Pa; A. is the 
hydraulic resistance factor; H is the length of the micro gap, m; Q is the water discharge, 
cub. m/day. Let us introduce the symbols D-d= 8; P/H = grad P, where 5 is the gap 
between the string and the concrete block, m; and grad P is the pressure gradient, Pa/m. 

Then formula (1) will look like this: [see original for formula] (2). For the determination 
of the hydraulic resistance factor, it is necessary to calculate the Reynolds' criterion, [See 
original for formula] (3), where v is the kinematic viscosity of the water (at 70 °C, v'= 0.5 
• 10 v /c). 

In turbulent mode, the factor is determined based on the following formula: [see original 
for formula]. Let us assume the following numeric values: v = 0.5 • 10" 6 m 2 /c- d = 0 168 
m; 5 = 0.1 mm = 10" 4 m; grad P = 4 • 10" 6 Pa/m. 

The system of equations (2 - 4) is solved using the method of selection. 

In this manner, through the gap of 0.1 m, at a pressure gradient of 4 MPa/m, 
approximately 22 cub. m of water per day can permeate towards the perforation interval. ' 

The increase in the pressure in the casing string leads to an increase in its diameter. The 
calculations show by how much the pressure in the string should be increased in order to 
increase the string's outer diameter by 0.1 mm for the purpose of covering the micro gap. 

The formula of radial transposition of the outer wall of the pipe under Lame's 
problem (5) looks as follows: [see original for formula] where u is Poinsot's factor; 
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u - 0.25; E is the elasticity module of the steel, E = 2. 1 . 1 0 s MPa; P, is the inner pressure, 
MPa; P 2 is the outer pressure, MPa; ri is the inner radius of the pipe, m; r 2 is the outer 
radius of the pipe, m, r 2 [illegible] d/r. 

Let P, = P 2 + P excess or P, - P 2 = P excess , 

Where P exC ess is the excess pressure in the string as compared to the outer pressure. 
Then formula (5) will look like this: [see original for formula]. From where we obtain: 
[see original for formula] (6) 

At 5 = 1 0" 4 m; P 2 = 20 MPa; r, = 0.075 m; r 2 = 0.084 m 
[see original for formula] P exccss = 33.7 MPa 

The calculations show that if there is a 0.1 mm gap between the casing string and the 
concrete ring, it is sufficient to create 33.7 MPa pressure in the string in order to cover 
the gap by means of increasing the outer diameter of the string. Such or even greater 
pressure can be created by means of the placement in the string of a bridge made of non- 
explosive breaking mixture, particularly made of limestone mixture for mining and 
drilling operations [6]. 

Non-explosive breaking mixture is used mainly for the breaking of strong brittle 
materials (such as rock), concrete and ferroconcrete products, rock layers, and for the 
mining of natural rock. 



Most frequently, the non-explosive breaking mixtures are powdery non-combustible and 
non-explosive materials, which have alkaline reaction with water (pH 12). When the 
powdered non-explosive breaking mixture is mixed with water, a suspension (work 
mixture) is obtained which, sometime after being poured into the borehole in the object 
that is subject to breaking, sets and hardens while expanding its volume. The volume 
expansion is the result of hydration of the components of the non-explosive breaking 
mixture and leads to the development of hydration pressure in the borehole 
(more than 40 MPa). The effect of the hydration pressure in the body of the object is the 
development of strains that lead to the object's breaking [7]. 

The proposed method of insulation of the casing clearance is applied in the following 
manner. 



A string of pump-compressor pipes is lowered into the drill hole so that the lower end is 
located 10 - 20 m below the interval of perforation of the productive layer. Circulation is 
caused and the drill hole is washed with water cooled to 0-1 0 °C. 
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The non-explosive breaking mixture is mixed with water at temperature of 0-10 °C. 

With the casing clearance open, the suspension of the non-explosive breaking mixture in 
the pump-compressor pipes is injected in the volume necessary to fill the casing string at 
the interval 10 -20 m. 

The suspension of the non-explosive breaking mixture is injected until its levels in the 
pump-compressor pipes are even in the casing clearance. 

The pump-compressor pipes are elevated to the depth where the lower perforation 
openings are located and, if necessary, the drill hole is washed so as to wash away the 
excess amount of non-explosive breaking mixture. 

The pump-compressor pipes are elevated above the interval of perforation and the casing 
clearance is sealed for the time necessary for the expansion and hardening of the non- 
explosive breaking mixture. 

The drill hole is utilized. 

The advantage of the proposed method is in the fact that the coverage of the channels for 
the permeation of water towards the interval of perforation is done not by means of 
hydraulic pressure on the string, but by means of the creation of a bridge made of 
expanding material in the casing string. This, firstly, eliminates the necessity for the 
installation of a packer and, secondly, reduces the time consumption for the performance 
of the insulation repair operations. 
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Claims: 

1. Method of restoration of the air tightness of casing clearance by means of increasing 
the diameter of the string in the interval of insulation characterized by the fact that the 
string's diameter is increased by using non-explosive breaking mixture, which increases 
in volume when hardening and is injected into the string so as to create a bridge in the 
insulation interval. 

2. Method under Item 1 characterized by the fact that limestone mixture for mining and 
drilling operations is used as non-explosive breaking mixture. 
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Drawings: 

Table 



Properties of the Non-Explosive Breaking Mixture 



Property 


Value 


1 . Water-mixture ratio in the suspension 


0.3 - 0.5 


2. Powder expenditure, ton per I m of volume 


1.8 


3. Spreadability according to the AzNII [Oil Scientific 
Research Institute of Azerbaijan] cone 


20.0-25.0 


4. Density of suspension, g/cub. cm 


1.8 


5. Thickening, at temperatures 20 -25 °C, min. 


120.0 


6. Adherence between the concrete and the string, MPa 


5.0 


7. Concrete resistance to filtration water, MPa more 
than 


60.0 


8. Pressure during expansion, MPa 


Up to 45.0 
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